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Abstract
In emergent paradigm, the expansion of the universe can be explained as the emergence of space
due to the quest towards holographic equipartition; this idea was first proposed by Padmanabhan.
We derived a cosmological model from emergence of space by taking the Komar energy density ρ +
3P as an even function of Hubble parameter H, particularly ρ+ 3P = −B2 +B1H2 where B1, B2
are positive constants. The model explains the universe having the transition from decelerated
epoch to accelerated epoch and best fit with observational data. Moreover,it is also consistent with
generalized second law and the entropy maximization condition. We have also calculated the value
of cosmological constant,transition redshift and the age of the universe from our model.
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I. INTRODUCTION
Recent studies indicate that there exist a deep connection between gravity and ther-
modynamics. It emerged first from the blackhole thermodynamics established in 1970s by
Bekenstein, Bardeen and Hawking [1–5]. Later, Jacobson [6] showed that Einstein’s field
equations can be derived from Clausius relation on a local Rindler causal horizon using the
horizon area-entropy relation proposed by Bekenstein [1]. All These lead to the intriguing
idea that gravity could be an emergent phenomenon as like thermodynamics. In 2010, Pad-
manabhan [7] derived the Newton’s law of gravity by combining the equipartition law of
energy at the horizon and the thermodynamic relation S = E
2T
where S is the entropy, E
is the effective gravitational mass and T is the temperature of the horizon. But Verlinde
explained gravity as an entropic force, arises from the natural tendency of material distribu-
tion to maximise the entropy and he derived Newton’s gravity law and also the more general
Einstein’s field equations [8].
Later Padmanabhan took one step further to state that space could also be an emerged
entity. Following this he had shown that the expansion of universe is nothing but the
emergence of space with the progress of cosmic time and is caused by the discrepancy in
degrees of freedom (DoF ) of the horizon and bulk within it [9]. He proposed a simple
relation for the time evolution of the universe as the rate of change of Hubble volume and is
given as dV
dt
= L2P (Nsur − Nbulk) , termed as the holographic equipartition principle (HEP)
where, Nbulk/sur are the DoF of Hubble horizon or bulk, L
2
P is the Plank area and  is +1
or -1 for negative and positive Komar energy density respectively. He also showed that
Freidmann equation can be derived from this[9] for flat universe in the case of Einstein’s
gravity. Friedmann equation for a higher-dimensional universe with Einstein’s gravity was
derived from this principle in reference [10]. Subsequently this principle is extended to
Gauss-Bonnet gravity and also to more general Lovelock gravity [10, 11]. It is showed that
the principle can also be derived from the first law of thermodynamics in general gravity
models [12], the flexibility of this principle make it more fundamental. The emergent gravity
paradigm motivates a holistic description about the universe and the scenario also offer the
explanations and a method to calculate the cosmological constant [13–15]. In the recent
studies it is showed that the HEP effectively implies the entropy maximisation in general
relativity[16], and the same is valued in the more general forms of gravity like Gauss-Bonnet
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and Lovelock gravities [17].
Recently, Z L Wang et.al.[18] obtained a cosmological model by solving the HEP, sub-
jected to the condition that, Komar energy density ρ + 3P is a negative constant, however
both ρ and P are varying by keeping the constancy of the Komar energy density. The value
of the cosmological constant predicted by this model doesn’t maches with observations.
Their model is describing only the late accelerating epoch which is asymptotically de-Sitter
but is incapable to account for the prior matter/radiation dominated epoch of the universe.
Hence that model failed to predict the transition from the deceleration epoch to the late
accelerating phase. They have compared the model with Plank observation, which in fact
covering both prior decelerated and later accelerated epochs.
In the present work we present a new cosmological model arises from the holographic
equipartition principle, which account for both the prior decelerated epoch and the later
accelerated epoch. For this we take the Komar energy density as varying with the expansion
of the universe. The variation of Komar energy is fixed phenomenologically to a general form,
without relying on the evolutionary status of any particular cosmic component. Using this we
solve the holographic equipartition law due to Padmanabhan to obtain the Hubble parameter
H(t) and the scale factor a(t). Following this we analysed the thermodynamic feasibility
of the solutions. We further estimated the model parameters including the cosmological
constant density parameter and age of the universe, using the observational data[19]. Using
the extracted parameters we made a detailed analysis of the evolution of the cosmological
parameters, DoF of surface Nsur and bulk Nbulk.
The paper is organized as follows. In sec.II explains the model proposed by Wang et.al,
in sec.III we are proposing our model of the universe and analysing the thermodynamic
feasibility of the solutions. In sec.IV We estimating the parameters and the cosmic evolution
of the model, and in sec.V terminate with conclusions and discussions.
II. COMMENTS ON WANG ET AL. MODEL
Cosmological observations indicate that our universe is proceeding towards a de Sitter
phase for which Nsur = Nbulk, where Nsur is the DoF on the Hubble horizon, and Nbulk
is that residing in the bulk volume bounded by the horizon. In emergent paradigm, the
expansion of universe is explained as the emergence of the space with the progress of cosmic
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time. Following this idea Padmanabhan proposed a fundamental law of expansion of the
universe,
dV
dt
= L2P (Nsur − Nbulk) , (1)
In the above equation V = 4pi
3H3
, is the volume within the Hubble horizon and L2P is the
Planck area, corresponding to one degree of freedom in the horizon. Here Nsur and Nbulk
are defined as [9],
Nsur =
4pi
L2PH
2
Nbulk =
| E |
1
2
kBT
= −(ρ+ 3P )V1
2
kBT
(2)
where T = H
2pi
is the Hawking’s temperature, (ρ+3P )V is the Komar energy and  is defined
as
 =
+1, (ρ+ 3P ) < 0−1, (ρ+ 3P ) > 0. (3)
The law implies that the expansion of the universe is due to its quest to attain a state at
which Nsur = Nbulk, the holographic principle.
Using equations(2) and (3) the expansion law (1) can then be rewritten as
−4piH˙
H4
= L2P
[
4pi
L2PH
2
+
16pi2 (ρ+ 3P )
3H4
]
(4)
From the above relation we get the expression for Komar energy density (ρ+ 3P ) as,
ρ+ 3P = − 3
4piL2P
(
H˙ +H2
)
(5)
For the asymptotic de-Sitter universe, the time derivative of Hubble parameter H˙ vanishes,
corresponding to which (ρ+ 3P ) becomes a negative constant. P = −ρ or ω = −1 is
just one special kind of de-Sitter universe, i.e the de-Sitter (H˙ = 0) can be achieved with
varying density ρ which keeps the Komar energy density (ρ+ 3P ) as a constant. So it can
be generalized as P = ω(t)ρ. Hence the continuity equation with constant Komar energy
density allow the solutions with varying ω for de-Sitter universe (H˙ = 0). But in general the
Hubble parameter H varies with the flow of cosmic time. However in a recent work Wang et
al.[18], it is assumed that the entire right hand side of the above equation (5) as a negative
constant but Hubble parameter H is still a varying function of cosmic time. Thus according
to them,
ρ+ 3P = −B2, a constant. (6)
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The above assumption severely restricts the evolution of net density ρ and net pressure P.
The condition (6) along with equation (5) gives
dH
dt
= α2 −H2 (7)
where α =
√
4piB2L2p
3
. For H > α, dH/dt < 0, the above equation admits solutions for Hubble
parameter and corresponding scale factor as[18],
H =
2α
D1e2αt − 1 + α and a =
D1e
2αt − 1
D2e2αt
(8)
Where D1 ≥ 1 and D2 > 1 are integration constants. The constant D1 can be taken
unity by assuming the initial condition on the scale factor a as zero at cosmic time t = 0.
Using WMAP and Plank mission data, these authors obtained the parameters in the range,
α ∼ 15.9 − 31.66 and H0 ∼ 67.80 − 71. Which then gives the mass density parameter for
the cosmological constant in the range 0.049− 0.260 (Refer Tabe I of [18]). Using the above
solution Wang et al also derived an additional condition regarding the age of the universe
as,
H0t0 > 1 (9)
One of the short comings of the above results is that, the range predicted for the cosmo-
logical constant is not at all in agreement with the observations from WMAP and Planck
mission [20–24], ΩΛ ∼ 0.683 − 0.772. Also the condition (9), is again not compatible with
the plank 2013 observation [24], which indicate H0t0 < 1.
The major issue of this model is that it predicts only the late accelerating epoch and
failed to account for the prior decelerating phase of the universe. It is to be noted that, the
deceleration parameter corresponding to this model is,
q = −1− H˙
H2
= −1 + 4
(e2αt + 1)2
. (10)
For any value of α > 0 this always indicate,
q ≤ 0, (11)
that is an ever accelerating universe.
Even though the model[18], based on the condition (6) was successful in explaining the
late accelerating stage of the universe, the failures mentioned above make the model prob-
lematic. The primary reason is the adoption of the condition (6). This condition implies
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that, the equation of state ω = −1
3
− B2
3ρ
, indicates that ω < −1
3
always and is a case of per-
manent acceleration. Our aim here is to derive a new cosmological model from the expansion
law proposed by Padmanabhan. We solve the expansion law for the Hubble parameter by
assuming a phenomenological form for the Komar energy density.
III. COSMOLOGICAL MODEL FROM THE EMERGENT PARADIGM
In this section, we are introducing a new cosmological model from emergence of space
by considering the variation in Komar energy density ρ + 3P . We define ρ + 3P in a
phenomenological way as,
ρ+ 3P = −B2 +B1H2 (12)
Where B1 and B2 are positive real constants. For B1 = 0 this reduces to the corresponding
relation taken by Wang et al.. The term proportional to H2 renders the Komar energy
density as a varying quantity. In the standard ΛCDM model of the universe, the energy
density is taken to be proportional to the square of the Hubble parameter, in which the
density of the cosmological constant is a constant. In non-relativistic case it is the mass
density which is responsible for curvature or gravity, while in relativistic case it ρ + 3P
which is causing the curvature. Hence the bifurcation of the Komar energy density into a
constant and a term varying with Hubble parameter is logically worth in accounting for the
evolving curvature effect. Even with this assumption the continuity equation still takes the
conventional form
ρ˙+ 3H (ρ+ P ) = 0 (13)
which constrains the evolution of density ρ and pressure P. With the newly defined form
of the Komar energy density, the expansion law (1) can be re-written with the help of the
equations (2) as,
−4pi
H4
H˙ = L2P
(
4pi
L2PH
2
+
216pi2 (−B2 +B1H2)
3H4
)
(14)
Which can be reduced to the form
dH
dt
= α2 − β2H2 (15)
Where α =
√
4piL2PB2
3
and β =
√
1 +
4piL2PB1
3
. The possible solutions of the above differential
equation with positive Hubble parameter H are,
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1. H > α
β
, dH
dt
< 0
H =
α
(
D1e
2αβt + 1
)
β (D1e2αβt − 1) (16)
2. H = α
β
, dH
dt
= 0
H =
α
β
, a constant (17)
3. 0 < H < α
β
, dH
dt
> 0
H =
α
(
C1e
2αβt − 1)
β (C1e2αβt + 1)
(18)
Where both D1, C1 ≥ 1, are the resulting integration constants.The corresponding scale
factors will be,
1. H > α
β
a = D2
(
D1e
2αβt − 1
eαβt
)1/β2
(19)
2. H = α
β
a = E2 e
αt/β (20)
3. H < α
β
a = C2
(
C1e
2αβt + 1
eαβt
)1/β2
(21)
where D2, E2 and C2 are positive constants. Under asymptotic conditions the behaviour of
the above solutions are as follows. If we assume that D1 = 1. Then, as t → 0 the Hubble
parameter for case 1 become, H →∞, While as t→∞ the first Hubble parameter evolves
to a constant, H → α/β. The corresponding behaviour of the scale factor is, a → 0 as
t→ 0 and a→ e(α/β)t as t→∞, among which the former one is corresponding to a possible
big bang and the later is corresponding to the end de Sitter epoch. In the case of the
second solution, H is always a constant and hence corresponds to a pure de Sitter universe.
The corresponding scale factor increases exponentially. In the case of the third solution,
the Hubble parameter H → α(C1−1)
β(C1+1)
and a → C2(C1 + 1)1/β2as t → 0, while H → αβ and
a ∼ e(α/β)t as t → ∞. In this last case the scale factor is a non-zero finite value at the
beginning, which implies the absence of big bang.
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Among the three cases the first one seems to be physically more feasible with the conven-
tional evolution of the universe. On the other hand the second one is representing an ever
accelerating phase while third one is corresponding to a universe having a non-zero finite
size at the beginning. However for a more meaningful demarcation between them can be
made by studying their thermal evolutions.
A. Entropy evolution and physical feasibility of the solutions
We now analyze the thermodynamic feasibility of the above three models. The expansion
law (1) implies that, the rate of change of the Hubble volume satisfies the asymptotic
condition, dV/dt→ 0, in the presence of dark energy[9]. This is in fact equivalent to a state
of maximum entropy at the end stage of the evolution[16]. It is known that, any closed
macroscopic system evolves to an equilibrium state of maximum entropy. In such case the
entropy S of the system must satisfy [25],
S˙ ≥ 0, always; S¨ < 0 at least in long run, (22)
where the overdot represents the derivative with respect to the cosmic time. The first one
is known as the generalized second law of thermodynamics and the second is the convexity
condition or the maximization condition of entropy.
For a flat universe the total entropy of the Universe can be approximated as the horizon
entropy[26, 27]. From Bekenstein’s result[1], the Horizon entropy can be expressed as
SH =
AH
4
(23)
where AH is the area of the horizon of radius
1
H
. Hence the entropy now become,
SH =
pic2kB
L2P
1
H2
= K
1
H2
(24)
Now, we analyse the entropy evolution of the three models corresponding to the Hubble
parameters given in equations (16) (17) and (18).
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1. Model with H =
α(e2αβt+1)
β(e2αβt−1)
In this case, we fixed the value of D1 as unity with the assumption a(t) |t=0 = 0. The
total entropy in this case can be expressed as,
S = K
β2
α2
(
e2αβt − 1
e2αβt + 1
)2
(25)
The rate of change of entropy with cosmic time can then be obtained as,
S˙ =
8Kβ3
α
(
e2αβt − 1) e2αβt
(e2αβt + 1)3
. (26)
For α > 0 and β > 0, it is clear that S˙ > 0 i.e. the entropy always increases which
indicate the validity of generalised second law of thermodynamics in this case. To check the
maximization condition we obtained S¨ as,
S¨ = 16Kβ4e4αβt
(−e2αβt + 4− e−2αβt)
(e2αβt + 1)4
(27)
The quantity inside the parenthesis in the numerator control the net evolutionary character
of S¨. As t→∞ the terms having e−2αβt vanish hence S¨ → −16Kβ4e−2αβt. This implies that
the S¨ approach zero from below which ensures the maximization of entropy in this model.
2. Model with H = αβ
This is a case of constant Hubble parameter, representing a pure de-Sitter universe and
the expansion is ever accelerating. In this case the entropy remains a constant owing constant
Hubble radius. In this sense it is equivalent to a static case.
3. Model with H =
α(C1e2αβt−1)
β(C1e2αβt+1)
This is a solution corresponding to which the Hubble parameter shows an increasing
behaviour with the expansion of the universe. As a result the Hubble volume decrease as
the universe expands. In this cases the entropy will decreases at a rate
S˙ =
−8C1Kβ3
α
(
C1e
2αβt + 1
)
e2αβt
(C1e2αβt − 1)3
. (28)
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Consequently generalised second law is violated in this case. Hence there is no possibility
at all for the entropy to attain a maximum.
The above analysis on the entropy evolution of the three cases reveals that only the first
model is physically feasible. Previously we have shown that this model admits a big bang at
the origin and a de Sitter epoch as the end phase. Hence we accept this as the right model
implied by the expansion law and we will go for a detailed analysis of it.
IV. COSMOLOGICAL EVOLUTION OF THE MODEL
The model in case 1, itself have an additional constraint on Hubble parameter as Hβ
α
> 1,
which in turn constrain the age of the universe. The cosmic time t can be expressed in terms
of Hubble parameter H by inverting the expression (16)
t =
1
2αβ
ln
(
Hβ
α
+ 1
Hβ
α
− 1
)
. (29)
This equation can be recast in a form, by multiplying it with H as,
Ht =
1
β2
[
x
2
ln
(
x+ 1
x− 1
)]
=
1
β2
y(x) (30)
where x = Hβ
α
and it follows that the derivative of y(x) satisfies y′ < 0, which in turn
indicates that y(x) has a lower limit,
lim
x→∞
y = 1. (31)
From this it can be concluded that, there exist a limit for Ht as,
H(t)t ≥ 1
β2
. (32)
The above equation is valid for any t > 0. Hence the age of the universe, t0 can be restricted
as,
H0t0 ≥ 1
β2
. (33)
The compatibility of this result depends on the value of the parameter β.
We extract the parameters using the latest observational data on Hubble parameters at
various redshifts. For this we consider a more general solution of the equation (15) instead
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of restricting to that corresponding to case 1. By doing in this way, we shall see that the
data will automatically pick the model corresponding to case 1. The general solution, after
changing the variable from t to x = ln(a), where a is the scale factor, is,
H =
[(
α
β
)2
+
(
H20 −
(
α
β
)2)
a−2β
2
] 1
2
(34)
where H0 is the Hubble parameter of the present epoch. This form of Hubble parameter in
fact reduces to the different cases derived before under the respective limiting conditions.
For instance on integrating the above Hubble parameter, it is easy to obtain the scale factor
given in equation (19) subjected to the condition H0 >
α
β
corresponding to case 1 and
following this the constant D2 can be identified as,
D2 =
(√
(H20 − (α/β)2)
2αβ
)1/β2
(35)
We have used the H-Z 38 data [19] from supernovae observation ( we use a = 1/(1 +Z)) for
extracting the model parameters. The best estimated parameters with 68.3 % confidence
level are found to be, α = 87.81+0.69−0.30 , β = 1.322
+0.002
−0.008, H0 = 71.99 corresponding to a
86 88 90 92 94
1.20
1.25
1.30
1.35
1.40
α
β
FIG. 1. Confidence intervals correspond to 68.3% , 95.4%, 99.73% and 99.99% probabilities with
the parameters α, andβ forH0 = 71.99 from H-Z 38 data, the best estimated values of the model
parameters indicated by the point
(
α = 87.81, β = 1.32, HO = 71.99, χ
2 = 34.9074
)
with degree of
freedom .9974 ≈ 1, which lies within the 68.3 confidence level.
χ2min = 34.91. The extracted values implies, H0 >
α
β
hence H-Z observational data favours
the model corresponding to the case 1.
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Now the age of the universe as per the estimated values of the parameters is corresponding
to H0t0 ∼ 0.9873 − 1.0278 and 1β2 ∼ 0.57 − 0.58, which follow the restriction in eq.33 and
ensures the model. The latest WMAP observation implies that H0t0 ∼ 0.9644− 1.0168[20–
23], while the Planck observations[24] indicate a slightly less value around H0t0 ∼ 0.9438−
0.9707. The exact age corresponding to the extracted Hubble parameter is now lie in the
range 13.41 - 13.96.
For the best estimated values of the parameters, the transition redshift can be obtained
by studying the evolution of the deceleration parameter defined as, q = −1 − H˙
H2
. For case
1, the deceleration parameter can be obtained as,
q = −1 + 4β
2
(e2αβt + 1)2
. (36)
The behaviour of q is as follows. As t→ 0 the deceleration parameter go as, q → −1 +β2 ∼
+0.75 which indicate a prior decelerated epoch. In the future limit t→∞, the deceleration
parameter become, q → −1 which implies the de Sitter epoch. The transition from the
decelerated epoch to late accelerated epoch is corresponding q = 0 is occurred at a redshift
around Z ∼ 0.78. This is in the concordance range of the transition redshift from the
standard ΛCDM value [19].
We now proceed further for obtaining the density parameter corresponding to the asymp-
totic limit, t→∞ the Komar energy density becomes,
lim
t→∞
(ρ+ 3P ) = −B2 +B1(α/β)2 (37)
On intuition the above energy density should be the vacuum energy density. Another cos-
mological model was proposed by Komatsu, in which he applied modified Re´nyi entropy [28]
in place of Bekenstein−Hawking entropy [1] to the expansion law (1). The model predicts
a time varying cosmological term in a flat isotropic, homogeneous universe, which behaves
as the cosmological constant under special conditions [29]. Apart from that model, our
model doesn’t pin point the nature of cosmic components other than the general nature
of the total Komar energy density as eq.12. In ΛCDM model the dark energy is treated
as the cosmological constant. If we made this assumption for the estimation of the value
of cosmological constant from our model, then the dominant component in the left hand
side of the above equation (37) at this epoch will be the cosmological constant satisfying,
p = −ρ. Consequently one can write the density corresponding to cosmological constant
12
as,(by taking limt→∞ ρ = ρΛ)
ρΛ =
B2
2
− B1
2
(
α
β
)2
=
3
8piL2P
α2
β2
(38)
The standard expression for the density parameter for cosmological constant is ΩΛ =
Λ
3H20
where Λ = 8piL2PρΛ. Using the value of α and β obtained from the observational data for
our model, we finally get the range of ΩΛ as
ΩΛ =
α2
β2H20
∼ 0.84− 0.86 (39)
This is in close agreement with corresponding value from the ΛCDM model, ΩΛ ∼ 0.6−0.78
extracted using the same HZ 38 data[19].
A. Evolution of the degrees of freedom
Finally, we analyse evolution of DoF on the horizon surface and also in the bulk compo-
nents contained within the horizon. The model explains a universe having a generic cosmic
fluid with Komar energy density of the form (12) and apart from that we haven’t made any
assumption either on the cosmic constituents or their nature. However the universe evolves
to equalize the DoF of bulk with that of surface. The expressions for the DoF of surface
Nsurand bulk Nbulk in this model are follows,
Nsur =
4pic2
L2P
1
H2
=
4pic2
L2P
β2
α2
(
e2αβt − 1
e2αβt + 1
)2
(40)
and
Nbulk = −16pi
2 (−B2 +B1H2)
3H4
= (41)
4pic2
L2P
(
β4
α2
(
e2αβt − 1
e2αβt + 1
)4
+
β2 (1− β2)
α2
(
e2αβt − 1
e2αβt + 1
)2)
where we have substituted for B1&B2 in terms of β and α respectively and also use the
corresponding expression for the Hubble parameter. The DoF of the horizon Nsur will
increase and become a constant asymptotically. The evolution of Nbulk depends on the
product of ρ + 3p = −B2 + B1H2 and V/T ∝ 1/H4, the ratio of amount of emerged space
to the temperature. Owing to the infinitely high value of the Hubble parameter in the very
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FIG. 2. The Plot of evolution of DoF with the progress of cosmic time t using H-Z 38 data
(α = 87.81, β = 1.32, HO = 71.99), the top curve represents the evolution of Nsur and the curve
below that represents the evolution of Nbulk (DoF is normalized in terms of the present value of
DoF of surface N0).
early stage of universe, the Komar energy density become large and positive (ρ+ 3p) ∝ H2
while V/T would be nearly zero. This implies that the product (ρ+3p)V/T would be zero in
the very early stage and gradually increases as ∼ 1/H2. During the further evolution ρ+ 3p
will decease to zero as H2 → B2/B1 = α2/(β2− 1), while V/T increases, however this leads
to another zero of their product. Between these two zeros the product (ρ + 3p)V/T and
hence Nbulk increases first, attains a local maximum and then decreases. This is the reason
for the appearance of the local hump in the initial evolution of bulk DoF as shown in fig.2.
The end point of this local hump is hence corresponds to the switching of the expansion into
the accelerating epoch and in the further evolution ρ+ 3p < 0. The Komar energy density,
ρ + 3p evolves asymptotically to the constant −B2. But to keep the bulk DoF a positive
definite quantity, one uses the formal definition given in equation 2, in which  is taking care
of the positivity of Nbulk, in such a way that,  = +1 whenever ρ + 3p < 0. Hence the bulk
DoF will effectively increase due to the dominance of V/T as the H decreases and becomes
a constant asymptotically. Thus the model is explaining the emergence of space without
specifying the nature of the cosmic components dominating at different epochs.
The nature of dark energy as cosmological constant turns out to be a special case of the
present model. Let us assume now that the dark energy is the pure cosmological constant,
Λ and the other relevant component for the late universe is dark matter. The DoF of
the bulk is then (Nbulk = −(Nm − NΛ). In prior stage Nm dominates, implies  = −1
while in the later epoch NΛ dominates implies  = 1. We have plotted the evolution of
Nsur, NΛ andNm in figure.3 The evolution of Nsur has been plotted as in the previous case.
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For plotting NΛ we took the asymptotic value of ρ + 3P as given in equation (37) For
having the evolution of Nm the corresponding Komar energy density should take the form
(ρm + 3Pm) = (−B2 +B1H2)− (−B2 +B1(α/β)2), which comprises the difference between
the total Komar energy density and asymptotic value of the Komar energy density. The
evolutions given in figure.3 matches with the figure.2 given in reference [30], where the author
FIG. 3. The Plot of evolution of DoF with the progress of cosmic time using H-Z 38 data
(α = 87.81, β = 1.32, HO = 71.99), the top curve represents the evolution of Nsur, the red doted
curve and black doted curve represent the evolution of DoF of cosmological constant NΛ and the
remaining components Nm respectively (DoF is normalized in terms of the present value of DoF
of surface N0).
assumed the cosmic components are matter and cosmological constant. This proves that
our model is capable of producing the same evolution of DoF if one assumes the standard
cosmic components.
V. CONCLUSIONS
Based on the emergent paradigm, the evolution of the universe can be explained by
the expansion law proposed by Padmanabhan[9]. In this work we derived a cosmological
model emerging from the expansion law. By assuming the Komar energy density ρ + 3P
of the form as in eq.12 we obtained the solution for the Hubble parameter H (among
other possible solutions) which represents the realistic evolution of the universe with a
big bang in the initial phase and a de-Sitter epoch in the asymptotic limit. We check
the consistency of the solution by verifying that the model satisfies both the generalized
second law and entropy maximization condition. The model has been constraint with the
Hubble expansion observational data [19], which restricts the product involving the present
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Hubble parameter in the range H0t0 ∼ 0.9873 − 1.0278, which is consistent with WMAP
and Planck data (0.9438 − 1.0168) [20–24] and it predicts the present age in the model as
t0 ∼ 13.41 − 13.96 Giga years. The evolution of the deceleration parameter of the model
shows that the transition from the deceleration phase to the late acceleration have occurred
around a redshift, z ∼ 0.78 (t = 6.6Ga).
The model explains the expansion of the universe as driven by the difference between
DoF of bulk Nbulk and that of surface Nsur. The advantage of the model is that, it predicts
the realistic evolution of the universe without emphasizing the the nature of the cosmic
components. On the other hand the model is also giving a consistent description of the
evolution of the universe if we take the dark energy as cosmological constant as in ΛCDM.
Using the best estimated model parameters we have obtained the ΩΛ and is found to be
in the range 0.84 ∼ 0.86, which make sense with the corresponding observed range 0.6−0.78.
The present model predicts a universe which have a transition from the early decelerated
to late accelerated phase of the universe and the whole evolution of Hubble parameterH
or the scale factor a can be described by a single expression. However the model failed to
account the early inflation of the universe and there exist a slight tension between observed
value of ΩΛ and the predicted one. To solve the slight mismatches noted above, we suggest
to make an extended version of our model with the form of Komar energy density with
higher order corrections in eq.12 and it will be published later.
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